Performance Modeling (PM) teaching started in the early 70's and reached its peak in the 80s. From those years and until today computing systems have deeply changed. Moreover, in the last two decades an economical crisis has involved the educational system, while the new generations show new learning modes. In this time, new literature has developed about learning and teaching. Rarely highlighting the critical issues. Higher learning is changing its role maybe unawares. In this paper, the author starts from a close examination of the state of the art of PM courses in Universities around the world and tries to highlight the main critical issues of teaching nowadays. The paper has not the aim to give answers but mainly that to open the way to reflections and discussions.
INTRODUCTION
T HE roots of Performance Modeling were planted in the 70's. In June 1959, the first International Conference on Information Processing was held in Paris, under the sponsorship of UNESCO. During that conference, the International Federation for Information Processing (IFIP) was established to meet the need to promote information science and technology, stimulating research, development and cooperation among several countries. Among the others, one important aim was "encouraging education in information processing" [1] . In 1972, the Technical Committee TC 7 System Modeling and Optimization was established. The WG 7.3 Computer System Modeling was one of its working groups. In 1973, the WG 7.3 -International Symposium on Computer Performance Modeling, Measurement, and Evaluation started its activity.
During the same years, the National Bureau of Standards and its Institute for Computer Sciences and Technology started a series of Federal Information Processing Standards (FIPS) Task Groups. In 1971, the FIPS Task Group 10 Computer Component and Systems Performance Evaluation promoted "a self-governing Computer Performance Evaluation User's Group (CPEUG) whose purpose is to disseminate improved techniques in performance evaluation through liaison among vendors and Federal ADPE users, to provide a forum for performance evaluation experiences and proposed applications, and to encourage improvements and standardization in the tools and techniques of computer performance evaluation." [2] . The CPEUG collected people "from many United States Governmental agencies involved in various phases of this field a number of academicians as well as analysts from business and industry working in this area, and this gave rise to the formation within the ACM of SIGME [Special Interest Group in Measurement and Evaluation] which is currently known as SIGMETRICS". In 1974, for the first time the proceedings of 8th meeting of CPEUG was made available as "a major source in the limited literature on computer performance, evaluation and measurement". It is quite interesting what we can read in the preface: "Computer performance, evaluation and measurement is now vital to the designer, the user and the management-owner of a modern computer system. To some, computer performance, evaluation and measurement is a tool, a marriage of abstract thought and logic combined with the techniques of statistical and quantitative methods. To others, it is a technique with very heavy reliance on modeling and simulation and simultaneously involves features of both classical experimentation and formal analysis. The problem of exact specification is made the more difficult by the recent birth and development of computer performance, evaluation and measurement as a discipline within computer science".
In ten years most universities activated Performance Modeling (PM) courses and the most are still active today. From that starting time a long path has been followed. Computing systems have deeply changed. The technological advances have made possible concepts and systems that were surely unimaginable at that time. Hand in hand the curricula had to adapt.
In this work, a close examination of the current courses in PM over the world is presented and a classification is proposed. Starting to make the point about PM teaching, one has to face some general questions. There are a lot of recent activities in learning and instruction, but infrequently they point to the general difficulties in which the teaching activity currently is. At least in a part of the world, the educational system is living a critical period. The role of higher education is changing, while the new generation of students has already changed. In this paper, the author focuses on some aspects in order to stimulate reflections and to start discussion with the firm belief that the best way to face change is awareness. A preliminary version of this paper was presented in [3] .
The paper is organized as follows. Section 2 presents the state of the art of Performance Modeling courses around the world. The courses are classified according three main arXiv:2001.08949v1 [cs.CY] 24 Jan 2020 categories, the category contents together with the distribution of courses in the world are presented. Appendix A presents the full list of Performance Modeling courses organized by categories. Section 3 considers the role that Performance Modeling still has today and introduces the issue of the importance of knowledge basic methodologies to face with new technologies in constant evolution. Section 4 points to two other critical aspects that heavily influence teaching. Finally, Section 5 concludes the paper.
PERFORMANCE MODELING TEACHING
In this section, first the search methodology is briefly explained, then the currently taught courses are identified and classified.
Research Methodology
The search for PM teaching has been carried out by considering the relevant communities. To this aim, the considered groups include the WG 7.3 Computer System Modeling, as it appears in the official IFIP web page (http://www.ifip.org/bulletin/bulltcs/memtc07.htm), and program committees and editorial boards of some specialized conferences and journals. In particular:
The program committees of the following conferences: Globally, more than 300 web pages have been consulted. Sometimes the access to degree requirements and program courses is available, but often it is not. In this last case, the reference colleague has been directly contacted by email. Just currently taught courses are considered.
Current Courses Classification
At the time of this search, about 75 courses are taught, both at the undergraduate and graduate levels. These courses share the modeling approach, that is the definition of a model to evaluate the characteristics and the behaviour of the "system" under study. Courses from Operations Research area, or "pure" Queueing Theory courses, or courses on Simulation in different contexts are excluded from this search.
Three different areas are selected: Europe (EU), Canada and United States (Can/US) and Asia. In Fig.1 , the locations of the PM courses are shown in the three different geographic areas. Note that one star may means more than one course.
The courses can be partitioned in different groups, so to identify common applications domain and aims. The differentiation is not always so clear and some course could belong to more than one groups. Three groups have been defined: General P M , P M f or Communications Systems, Table 1 shows the distribution of the PM courses in the geographic areas with respect to the three categories. In Appendix A, the reader can find the complete list of the courses with the course title, the teacher, or more than one if they share the course, and the University where it is taught.
It is interesting to identify the common basic methodologies used in the courses. There is a strong common core beyond the different application areas: even at a different extent, all courses use operational laws, queueing systems, and statistics [4] , [5] , [6] . In addition, the used methodologies and the general approach differ with respect to the application perspective and aims.
General P M . In this group the courses are quite homogeneous. Most courses use probability, simulation and stochastic processes. Some courses use a different approach and techniques. P M f or Communications Systems. This group is quite heterogeneous as contents and approaches. Even course titles show greater variability than the previous group.
P M f or Sof tware. To the best of our knowledge, few courses are in this group. As a consequence, deriving general trends make little sense. However, they share a common core and specifically Layered Queueing Networks for modeling complex software systems [7] . On the other hand, in USA three companies offer performance engineering courses. The reader can find these in Appendix A. Table  2 shows the contents map.
Finally, we have also noted that some consolidated courses have been canceled or changed to make room 
BASIC KNOWLEDGE OR SPECIALIZATION
The evolution of computing field is continuous and fast, new technologies and applications enrich the landscape of computer technology. As a consequence, new computingrelated disciplines emerge and push to update curricula. However, both curriculum guidelines for Computer Engineering and for Computer Science include PM [8] , [9] . Table  3 shows knowledge areas and relative topics in both guidelines. Modeling, performance and evaluation are important keywords of several knowledge areas.
Furthermore, it is also interesting to note a general trend towards specialization. In the training system, this could An interesting point of view is offered in [10] . Denning and Martell analyze computing with a different perspective: computing is a science governed by fundamental principles that span all technologies. Their book has a monumental aim: identify the principles behind computing, principles that are not changed during all the history and that probably will not change for a long time. They divide the great principles into six categories that "are like windows of a hexagonal kiosk. Each window see the inside space in a distinctive way; but the same thing can be seen in more than one window". All computing domains build over these common principles. One of this categories is Evaluation and the authors have strongly advocated that performance modeling and engineering are fundamental parts of computer science.
Concern about the effects of losing basic methodologies begins to become tangible. In the framework of modeling, the research community itself observed shortfalls in the use of evaluation methodologies even in papers published in premiere journals and conferences. For example, in telecommunication networks, the lack of rigor and formal approach in simulation studies was highlighted in [11] , [12] . The availability of user-friendly simulation packages "...has led to a belief that simulation is mainly an exercise in computer programming" [11] , while a valid simulation study requires ability to abstraction, intuition and deep knowledge of probability and statistics. This supports the idea that limiting teaching space of general methodologies can be a dangerous pitfall.
However, other issues affect the educational system nowadays and we introduce the most important ones in next Section.
ECONOMY, PROFIT AND NEW GENERATION
In today's world, it is easy to observe a trend towards specialization. As introduced in the previous Section, in the training system this could happen at the expense of basic knowledge. Moreover, the educational system suffers the consequences of an economical crisis. These two aspects are somewhat correlated. In the following, some points are introduced to open the way to a deeper reflection.
A first important issue has to be considered. Nowadays, there is an economical crisis. One of the main victims has been the educational system, both at low and high levels.
Starting from the primary school [13] to the university, the educational system has been severely reduced. In southern Europe, the economic crisis is a reality that reflects on education. In Italy, cuts in funds have reached 20% [14] . In US, cuts are differentiated per states but at similar percentages [15] .
One of the effects is a continuous monitoring activity to identify courses that appear do not be productive. Sometimes, this is evaluated in terms of the number of exams per year. This again could become a penalty for basic courses. However, the idea of productivity is merely related to a job. The opinions that higher education is mainly training of workers or that knowledge must be immediately useful for the economy, are questionable [14] .
On the other side, nowadays we observe a hyperspecialization of work, with demands that become increasingly sectorial. This is partially due to the technological revolution, but this is also a side-effect of crisis: industry cannot spend in training and ask universities to produce specialized workers, according to their current needs. To what extent is the academic world aware of its changed role?
All this is bringing a social transformation: on one hand it is possible to observe a general decreasing of educational level, and on the other hand we are witnessing an excess of specialization. In our daily life, we often face with people that acknowledge their inability to solve problems, a frequent answer is "this is not my job". In particular, it is easy to observe a general lack of ability to face with unexpected situations. It is possible to speculate that this is the result of the combined effect of the decreasing educational level on one side and of the hyper-specialization on the other side. From this latter point of view, the excess of training in use of technology rather than the knowledge of the underlying principles brings in itself this risk. The use of computeraided tools (CAD) in infrastructure projects is a good example of this risk. It is worth noting that CAD tools, and the technology in general, are extremely useful instruments, but their appropriate use requires anyway deep knowledge of processes or methodologies that, for example, bring to the project result. Unfortunately, some catastrophic events begin to highlight some lack of expertise.
If on one hand the university is pushed to become a utilitarian organization and on the other hand the technological tools are substituting knowledge, how does the education community want to answer to this challenge? Does it want to recuperate the thinking spaces? Or does it want to completely abdicate to the economic/technological domain? In other words, a reflection is needed on the role of higher education, the role of University.
Satish K. Tripathi was one of the first members of WG 7.3 Computer System Modeling. Now, he is the President of Buffalo University and his viewpoint is [16] : "The aim of higher education is not merely to prepare students for jobs. It is to prepare them to lead, innovate, and contribute meaningfully to the world around them." Drew Gilpin Faust is the President of Harvard University. Her point of view is extremely interesting [17] : "Higher learning can offer individuals and societies a depth and breadth of vision absent from the inevitably myopic present. Human beings need meaning, understanding and perspective as well as jobs. The question should not be whether we can afford to believe in such purposes in these times, but whether we can afford not to".
There are no doubts: critical thinking and ability to face changing challenges are the real skill that a high degree instruction should have among its aims. But how to face with the new generation and their new minds? This is the second big issue that teachers have to consider. As mentioned in Section 1, Computer Systems have deeply changed, the technological advances have made possible concepts and systems that were surely unimaginable even some decades ago. At a slow pace, the world has changed too: the way we work, the way we interact with each other, the way children grow is completely different from the way we ourselves grew half a century ago. This has changed the way the mind works and learning process itself has also quite changed. Change leads to difficult times, but it is positive. However, awareness is essential to go through change. There are no precise recipes but the firm belief that teaching has to consider this and has to find new ways to be effective.
As highlighted above, the new generation is completely different from students of just a decade ago. Michel Serres loves this young generation [18] : they have huge amount of information handy, and they have access to any notion, concept, method, anywhere, anytime. The access to information is completely different from accessing organized information as we had before internet, and another important aspect is that this access is without mediators. Putting off at the deep thought of Serres and at his great expressive capacity, this is not a negative, but is a new potential and open to new learning modes. Therefore, our lectures must consider it. The interest of the new generation cannot be captured by teaching what they can easily catch by themselves. But Serres advocates: Information is not Knowledge.
A hard task is once again on our side: the excess of Information need to be transformed in Knowledge, Thumbelina (Serres's young heroine in today's world) needs of our help to do this. And as the new thumbelinas are extremely intelligent, all surface stratagems aimed to catch the attention using charming keywords or appealing communication tools are destined to fail. There are no guidelines or suggestions for a succesful teaching, except for keeping in our mind who we have in front. By using the words of Serres, "Before to teach someone something, you must at least know him".
CONCLUSION
In this paper, first the PM teaching has been presented as it is currently taught. A geographic map and a classification based on the contents have been presented. By considering some critical issues met during the last decade, general issues about teaching and the role of higher education have been highlighted. It is worth noting that recently there have been a lot of activities (e.g. meetings and specialized journals) devoted to teaching and learning, but very few of them have explicitly addressed the points of criticality considered in this paper. This paper pushes for uncover the criticality. The economical crisis that is reducing the educational system and the influence of industry interests are pushing University to become utilitarian organization. Moreover, the change of new generation asks for new teaching way. If the education community does not want to abdicate to the economic/technological domain and if it wants to defend its leading role in knowledge and critical thinking, it need to be fully aware of the surroundings difficulties. The aim of this paper is to open the way to reflections and discussions.
APPENDIX A THE PM COURSES
In the following, the courses are grouped according to the classification in Section 2 and are listed alphabetically. The information are organized in the following order: course title, teachers and university.
The author apologize for all colleagues that have been involuntarily skipped. 
A.1 General PM courses

